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Q3 ABSTRACT (Maximumr 2W0 w.oms)

Although bottlenose dolphins (Tursiops truncatus) may be exposed to ocean water temperatures ranging from 60 C to
27'C, little is known regarding their preferred environmental temperatures. Consequently, it is difficult to predict the
"ideal" water temperature for the animals in captivity. To determine the range of thermally r.ý,utral water temperatures for
these cetaceans, we examined the therinoregulatory physiology of adult bottlenose dolphins (body weight= 136 kg) trained to
rest in a water filfled box. Metabolic rate, body temperature, skin temperature, and heat flow were measured over a 10'C
range of water temperatures. The results indicate that the lower critical water temperature (Tie) for bottlenose dolphins is
variable; T), was less than 6'C for San Diego dolphins in the winter and 11 - 16'C for Hawaiian animals in the summer.
Further cooperative research will enable us to anticipate the thermal requirements of both large and small cetacans in-
captivity. Acctior O Cr
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ASSESSING THE THERMAL LIMITS
OF BOTTLENOSE DOLPHINS:

A COOPERATIVE STUDY BY TRAINERS, SCIENTISTS, AND ANIMALS
bv Feri M. Williams. Jeffrev E. Ilaun. William A- Fnedl, Richard W. Hall, and Lester W. Bivens

NOSC Hawaii Laboratory - P.0- Box 997 - Kailua. Hawaii 96734

The fllowing paper was presented by Dr. Terrie Williams at the 1991 IMATA Conference in Concord. California. The paper generated
significant interest, not only among the conference attendees, but also among the general public. As always. the paper will be printed in the
Conference Proceedings. however, because of the interest expressed. we have printed it here in Soundings as well.

SUMMARY METHODS the transducer. Measurement sites included the
Although bottlenose dolphins (Tursiops Approach. Thegoalofthisstudywastodeteriine mid-lateral body wall on the trunk, dorsal fin.

:runcatus) may be exposed to ocean water the thermal neutral zone (TNZ) of the bortlenose pectoral fin. and underside of the fluke. Core
temperatures ranging from 6'C to 27'C. little is dolphin (Fig. 1). This zone defines the range of temperature was measured with a digital
known regarding their preferred environmental water temperatures that are considered the most thermometer and rectal probe. Blubber thickness
temperatures. Consequently. it isdifficultto predict comfortable for the resting animal. It is delineated of the dolphins was deternined by ultrasound
the "ideat water temperature for the animals in by the rangtL of environmental temperatures that (Scanoprobe 11) before the experiments. Six sites
captivity. To determine the range of thermally require the least amount of physiological effort to along the body wall were measured and averaged.
neutral water temperatures for these cetaceans, we maintain a stabile body temperature. The TNZ is To determine seasonal variation in blubber
examined the thennoregulatory physiology of adult represented by the flat portion of the metabolic thickness, we also made monthly measurements of
bottlenosedolphinsbodyweight= 136kg)trained curve shown in Figure 1. thickness for 10 dolphins housed in open water
to rest in a water filled box. Metabolic rate. body pens in San Diego. and 10 dolphins housed in
temperature, skin temperature, and heat flow were . Hawaii.

Z:50
measured over a I 0"C range of water temperatures. Z
The results indicate that the lower critical water RESULTS AND DISCUSSION
temperatureT.•)forbottlenosedolphins is variable: CP THERMAL We found that bottlenose dolphins from San
T, was less than 6'C for San Diego dolphins in the Z NEUTRAL Diego maintained a stabile body temperature cvcr
winter and 1I - 16'C for Hawaiian animals in the P o "E the range of water temperatures tested. Core
summer. Further cooperative research will enable 2 Tic T, temperature was approximately 371C and did not

us to anticipate the thermal requirements of both n 20 -change with watertemperarures from 3.6to 17.30C.
large and small cetaceans in captivity. 0 Skin temperature remained within 0.60C of the

10 , water temperature.

INTRODUCTION Heat flow varied with anatomical site. and
The purpose of our study was to examine the 10 40 was consistently higher for -he trunk of the body10 20 30 4

thermoregulatory capabilities of the bottlenose ENVIRONMErAL TEMPTURE T than for peripheral sites (pectoral fins. dorsal fin,
dolphin. Therewere several reasons forundertaking and flukes). Interestingly, measurable levels of
such a project. First. although dolphins have been Fto,,,J o,•t ..... to,• ..... aoo,,,,tt ,etoro heat from the peripheral sites of resting animals
housed in seaquana for decades we know very little onynai man ma o' tem pates 'he rncc urreres th thera onmbr y occurr
about their basic physiology. Should water cnca,,temperme(Tr,)a, -,aheoMpnaaeoo ,r, ,ýI (Redrtt (temperatures similar to the pen water). At lower
temperatures of sedentary animals be the same as I,,, Battaot19771 water temperatures. heat flow from the periphery
for active animals? What temperatures do the At higher temperatures the animal must actively was remarkably reduced (Fig. 2). In contrast, heat
animals prefer? Should the diet of the dolphin be dissipate excess heat. For terrestrial animals the flow from the trunk of the body increased with
changed to account for seasonal temperature avenues of heat loss include panting and sweating. lower water temperatures. Figure 2 demonstrates
fluctuations? A second reason for this study At temperatures below the thermal neutral zone. ,_ mooY
centered around increased concerns about global and hence below the Io'.-er critical temperature 2 .

warimnganditsimpactonwilddolphinpopulations. (T.), animals must generate additional heat to 1
How will such temperature shifts affect the remain warm. Usually, this results in an increase m ln 100 . e.
distnbution.populationsize.andevensurvivabilitv metabolic rate.i so.

of cetacean species in the wild? Will it require 0 o0
innovative management decisions or conservation Phvsiolpoical Measurements. Details of the training .so
plans? and instrumentation are presented in Wright ( 1991 ).

With these questions in mind. we began a Twoadult.post-absorptivedolphinshousedinSan
research program at Naval Ocean Systems Center Diego (mean water temperature = 15.4"0( were FLUKE
in Hawaii. We were interested in the basic used in these studies. Briefly, oxygen consumption ISO0-FUK

E
thermoregulatory response of adult bottlenose was determined by open flow respirometry S J00
dolphins (Tursiops truncatusi. The responses to (Williams. 1987) while the dolphins rested in an 3:
shifts in water temperature were investigated; insulated box. Water temperature in the metabolic : e
measurements included body temperature, skin box was controlled by a salt water heý •, changer P , * _2"_.
temper2ture, insulating charmcenstic, ol the olubb., and ranged from 3.6 to 17.3"C. Each experiment X so
layer.heatflowacrossthebodywall.andmetabolic was conducted at a single water temperature and 0 s 10 is 20 as
rate. To accomplish this work. we needed lasted for 2 - 3 hours. Following metabolic
exceptional cooperation between the animals, measurements heat flow was determined with a I H TEMPERAME t'

scientists, and trainers. diameterheatflux transducer (ThermonettcsCorp.. Ftft,'e 2 N,,,- at ,flea. r ,o . eW., ktmpre foe,

San Diego) held against the skin. Skin temperature f,,*Ares*,f, low he r% r .W g.a* M., o-• e..the
was measured with a thermocouple embedded in rn,.rat,,e t, Votetetnrelto hootVtomthe tae

WC the th t oare the
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tsi, i~rctied %%11 ithl UTILIýUdt Ns)CCICS of cetaeanC~f or

,. eraean ot 1.14110" 1os1 tirenna ( hiisiors heat flow

-neLasuremevnrs,-cn ri, used iodeterinine the preferred
ater temperature ori the restlinrut animal. Water

ICInPeratiiur 01 tic ttilditng poorl should start at
,imnbeni conditions anid be raised or lowered just to
ihe point that heat floss occurs intermnittently~ atf
penprieral sites `,'kater temperatures that permit
ieat llowk fronm 1oth rrcnpheral and bodv wall sites

Ili ensure that the Aaie1r is not too cold. Howev'er.
-are should be taken not to irserheai the water. &-i 5>~
%leasurements should be taken on resting_ animals,.

j.711 w.' s' il aftect the Its el oii heat flow from 0.1,Cdf" ,w1.1we,~iar'eife;ftm,~~~~f iio osopun~u ~fe~~lco~im
;ncrpheral sties 0Occasional ianieasurements otrectal h

,conrierature ss iii 5onfirm the thermal stabihits ol
arnital the w inter with a poor insulatinge laser. The result ACKNOWLEDGEMENTS

risr lotte riertods ot exposure to coorl water was that the dolphins were incapable of' handling The authors wish to thank- D. Costa. J Liao.

'o'nriratures. doilphins control heai loss from the the unique thermal challenge created h\thedecrease N1. Reddv, MI fong. and the members ot the
:,,,s w%,ll bs ailenne: the insulation provided bv rn water temperature. Training and Animal Care staff at NOSC ssiro

ý'Iuhher. T .his is denmonstrated b\ Comparing Chanizes in insulation will alter the rainee of assisted wirth this studs.
seasotaia chances in blubher thicknes's tordolphins temperatures compnsin2 the thermnal neutral zone
jchimated toss ater temperatures in San Diego and of mammals ( Bartholomew. P) iý7 I We observed REFERENCES -)Bd eprtr

Hawaii. Liket(hecoats o!arcructoxesand desert kit this tor bottlenose dolphins. From our metabolic Bar-tholomew&. G.A. i I.7 Q od Teprtr

ioxes. the thickness ki1 the insulatin2 laver of studtes wetfound that the lower crtical temperature and Metabolism, in Animai Phvý,'oksv I N1IS.
dolphins, chances sktth acclimation temperature iTý I of San DieL-o dolphins was appr-oximately Gordon. ed.)t Pp 304-W49

Fte. 31 Both Sari Diegur and Hawaii dolphins W'C ' I C below ambient w ater temperature in theAnivsgaonf
-niowed seasonal chances in blubber thickness. holdtng pens. This compares to T Iof II - I WC for %filler. W.G. isubmittedl nivsiaino

The laser was thinoie~t dunni- %&arm seasons and bottlenonse dolphins measured in Hassiiidurtng the dolphin iTursiops truncatus) deaths, iti East

thickest dunnv coroler winter months. Yet, at summer when ambient water temperatures averaged Niatagorda Bas. Texas. January' 1990.
ýompafrahle seasons. the blubber laver of animals 27 -28,C (Costa. pers. comm. j
ip Hawaii remained thinner than the laver for In summarv, the thermoregulatorv ssstem of \Villiams. T.N. ( 1987t Approaches for thestuds oti

-ounterparts in Sari Dieco Note that Worthy dolphins is flexible. and depends on routine water exercise phssiologsy and hvdrodvnamics in nianne

i "() I has recenty ~hown that the tat content of condidtions. Animals acclimated to temperaturestin mammals. in Miarine M _ammal Ener-eic(-s.
.s'tacean blubber alsio shows seasonal vanations. NanilDiekgoshow nochange inlcore bodv temperature (A Hluntlev. D.P. Costa. G.A.. Worth\- and

T - s,. both the iiiilaltt\ atid quantit\ ot insulation orr Metabolic rate with acute exposure to Water M.A. Castellini. eds.i Pp 12-17145. "Woribs.

i; hance in dolphins, temperatures \Aithin lIWC of ambient conditions. G.A.J (1991) Thiermoregulator\ implications ol

The .importa .nce ot proper insulation can be Longer penodso oexposure Promote changes in the the interspecific sanations in blubbereompositikon
enrronstrated for w&ild dolphins. Duning the 1989/ qualitYand quantitYof the insulating blubber layer. of odonroccie cetaceans. Ninth Biennial

19'l \sinter. a sudden and prolonged decrease in F~uture research and contitnued cooperation betweenl Conference on the Biology. of Manne Miammals.

water temperature aifring the Te'xas coast was trainers, animals, and scientists will provide Chicago. Ill, pg 74.
tollokked by the stranding ot 2.1 dolphins in Last additionail information iiat is cntical tor establishing
\Ilatauorda' Bas Necrnps\ results from these the thermal requirements of both wkild and captive Wright. R. 119911 Conditioningz and acclimation

animals resealed hlubber thicknesses that were dolphins. * methods used ssith Atlantic Bottlenose dolphins

aipproximatels 4il'ý lorwer than normal ( Miller. I Tir~siops iruncatlusi f or a thermo-pbysiologv
suhmittedi It is lkely that theske animalscaine into study. 111th Annual IMATA Conference.

Concord. CA. pg, l0
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